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© Clock circuit for a data processor.

© A clock circuit for supplying a clock signal 62 to

a data processor 10 is arranged to supply the clock

signal at one of a range of frequencies, under the

control of the data processor. The processor can

instruct the circuit to supply the clock signal at a

maximum frequency to provide maximum data pro-

cessing capacity or it can instruct it to supply a

signal at a selected lower frequency in order to

reduce power consumption. The effect of the pro-

cessor can be overridden by an external event, e.g.

an interrupt 20, which forces the clock circuit to

produce the clock signal at the maximum frequency

in order to minimise the delay in processing the

^interrupt. The clock circuit includes synchronisation

circuitry for ensuring that the clock frequency is

~ changed without generating a glitch.
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CLOCK CIRCUIT

Technical Field

This invention relates to a clock circuit to gen-

erate a clock signal for computing circuits and
more specifically relates to the generation of mul-

tiple frequency clocking signals.

Background Art

Computer and processing circuits use a cloc-

king signal to synchronize the operation of internal

circuits. The clocking signals are always present

whether or not the processing circuits are actually

processing data or awaiting further inputs. During

these waiting periods, the normal clocking of the

processing circuit results in a waste of power. This

is especially disadvantageous to a processing cir-

cuit having a fixed power source such as a battery.

'Battery powered processing circuits are com-
mon in portable calculators. One technique for con-
serving battery power is contained in U.S. Patent

4,317,181 entitled "Four Mode Microcomputer
Power Save Operation" that discloses the means to

turn off clocked logic while power is maintained to

certain specific circuits connected to the memory.
In a related patent, U.S. Patent 4,409,665, a pro-

cessor circuit is disclosed that includes logic forced

to a predefined output logic level during inactivity.

Power consumption is less when the logic is at this

predetermined output logic level.

A similar type of technique is disclosed in U.S.

Patent 4,317,180.

U.S. Patent 4,218.876 entitled "Combined
Timekeeper and Calculator with Low Power Con-
sumption Features" discloses a dual mode calcula-

tor wherein the clocking signals are modified to

create additional signals when the calculator is in

one specific mode. •

A further technique is disclosed in U.S. Patent

4,203,153 entitled "Circuit for Reducing Power
Consumption in Battery Operated Microprocessor

Based Systems" that includes a circuit for dis-

connecting the microprocessor from a battery

source for a predetermined time interval.

Summary of the Invention

The prior art has therefore failed to provide a
clocking arrangement capable of providing a clock

signal at one of a range of different frequencies for

clocking a processor at different rates dependant
on the instantaneous data processing capability

required. This is desirable since a processor needs
a high clock rate if it is to process data rapidly or in

high volumes, whereas the clock rate may be re-

duced if rapid or high volume data processing is

5 not essential. If the processor is constructed in a

technology, such as CMOS, wherein power con-

sumption increases with increasing operating fre-

quency, then reducing the clock rate in this way
reduces the power consumption of the processor.

70 Accordingly, the present invention provides a

clock circuit for clocking a data processor compris-
ing means for producing a clock signal at a first

frequency for controlling the data processor during

normal operation, characterised in "that the clock

is circuit further comprises means for producing the

clock signal at a second, lower frequency for con-

trolling the data processor outside normal opera-

tion, this lower frequency being non-zero, means
for changing the clock signal from the first fre-

20 quency to the second, lower frequency in response

to a first indication from the data processor that

normal operation is suspended and means for fur-

ther changing the clock signal to the first frequency

in response to a second indication that normal
25 operation is resumed.

Preferably the second, lower frequency is se-

lected from a plurality of available frequencies with

the selection being defined by the processor. This

provides added versatility and enables the clock

30 signal produced to match more closely the fre-

quency required by the data processing require-

ments, thereby ensuring that sufficient data pro-

cessing capacity is available while limiting the pow-
er consumed by the processor.

35 Preferably the clock circuit can switch from the

second, lower frequency to a third frequency,

which may be zero Hertz. The provision of the zero

Hertz option further increases the versatility of the

system, since if the clock is stopped in this way it

40 leaves the processor consuming very iittie power.
This reduces the data processing capacity to zero,

which may be acceptable in certain circumstances.

When the data processing requirement becomes
non-zero, the clock frequency is changed to a non-

45 zero value and processing recommences.
The clock circuit may include a register means

for storing part of each indication, the part stored

defining the particular frequency to be selected.

The second indication may be received from

50 the processor itself or it may be received in re-

sponse to an interrupt from external circuit means,
such as a direct memory access controller.
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Preferably the means for changing the fre-

quency comprises a switch for switching the clock

signal from a signal at the first frequency to a

signal at the second, lower frequency and further

comprises means for ensuring that, when the clock

signal is changed from the first frequency to the

second, lower frequency, all these signals are in

the same logical state. This helps to ensure that

the clock-low time and clock-high time require-

ments of the processor are not violated by a glitch

generated at the instant of changeover. One way of

achieving this is to include means for generating an

intermediate signal to indicate that the signal at the

first frequency and the signal at the second fre-

quency are in the same logical state and means for

using this signal to control the time at which the

switch may be operated.

Brief Description of the Drawings

Figure 1 is a block diagram of the clocking

circuit connected to a processor, including -

schematic details of the clock register and the

frequency generator,

Figure 2 is a schematic diagram of the clock

control circuit, and

Figure 3 is a timing diagram illustrating cer-

tain signals in the clocking control circuit.

Detailed Description of the Invention

In the preferred embodiment, the invention in-

cludes a clocking circuit that is connected to a

processor. The output of the clocking circuit is a

clocking signal which is used by the processor to

control processor operation. The clocking circuit

includes a clocking control circuit connected to a

clock register and a frequency generator. The fre-

quency generator includes an oscillator and divide-

by circuits that provide several signals, each having

a unique frequency. The clock register is con-

nected to the processor to receive data from the

processor and interrupts. The clock control circuit

is connected to both the clock register and the

frequency generator and changes the frequency of

the clock signal in accordance with inputs from the

clock register. However, these changes are only

made during predetermined time intervals.

The actual frequency of the clock signal output

by the clock control circuit is determined by the

data contents of the clock register. The clock regis-

ter receives inputs from a data bus from the pro-

cessor. In addition, one bit position of this register

is set in response to an occurrence of an interrupt

or a direct memory access request from the pro-

cessor.

In operation, the processor through the data

bus may direct the clock control circuit to output a

low clock frequency. This is accomplished by the

processor loading specific data into the clock regis-

5 ter. The clock register is input to the clock control

circuit which selects the appropriate signal fre-

quency from the frequency generator. The opera-

tion of the processor at the lower clock rate results

in lower power consumption. When either an inter-

70 rupt or a direct memory access request is re-

ceived, the content of one bit position of the clock

register is automatically set to a one which, when
input to the clock control circuit, overrides the

effect of the remaining bits in the clock register and

75 results in the clock control circuit providing a clock

signal at the normal operating frequency. Imple-

mentation of this clocking circuit allows program-

mability of the processor operating speed while

also automatically providing a normal processor

20 operating speed upon the occurrence of some
event such as an interrupt or a direct memory
access request.

Alternatively, the processor may direct the

clock control circuit to output a static clock, i.e. a

25 clock at a frequency of zero Hertz. This suspends

operation of the processor entirely, resulting in

further reduced power consumption. When either a

direct memory access request or an interrupt is

received the clock control circuit provides a clock

30 signal .at the normal operating frequency, as above.

Power conservation in the operation of a data

processor becomes important when the processor

is connected to a battery or some other fixed

power supply. The power drain of a processor

35 fabricated with CMOS technology is directly related

to the number of logic state transitions that occur.

The higher the number of logic state transitions,

the larger the amount of power that is consumed.

One way to reduce the number of logic state

40 transitions is to slow the processor system clock

frequency during appropriate times such as when
the processor is in an idle state, e.g. waiting for a

keyboard input. In some implementations, the pro-

cessor system clock can be entirely shutoff until a

45 system interrupt (INT), a non-maskable interrupt

(NMl), jor a direct memory access (DMA) request

occurs. After such an event does occur, the pro-

cessor system clock needs to be operating at its

normal frequency in order that the processor may
50 perform at the normal operating speed.

When the clock signal frequencies are

changed, the changes must occur in a manner to

ensure that neither an invalid clock high-time nor

an invalid clock low-time occurs. In other words,

55 the change of frequency must occur such that the

resulting clock signal still provides the minimum
clock high-time and minimum clock low-time as

specified for the processor. In the preferred em-

3



5 0 242 010 6

bodiment. the processor is a Harris or Intel 80C88
CMOS microprocessor. The specification for this

microprocessor is herein incorporated by refer-

ence. According to this specification, the minimum
clock low-time is 118 nanoseconds and the mini-

mum clock high-time is 69 nanoseconds.

The present invention provides circuitry that

enables the processor to specify a lower than nor-

mal clock frequency, optionally zero Hertz, while

ensuring that the clock frequency will be restored

to the normal operating frequency on the occur-

rence of events such as interrupts or DMA re-

quests. Furthermore, the present invention provides

that the transition of clock frequencies will occur

such that the transitions will conform to the mini-

mum clock high and minimum clock low values

specified.

Figure 1 illustrates a block diagram of the

present invention connected to a processor 10. the

80C88 in the preferred embodiment. The clock

circuit invention includes a clock register 30, fre-

quency generator 50 and a clock control circuit 40.

The clock control circuit 40 provides a clock signal

output on line 62 which is input to processor 10.

This clock signal is the system clock for the pro-

cessor 10. The processor 10 controls the speed of

the clock signal on line 62 by its interconnection to

the clock register 30.

The clock register 30 includes a data bus 12, a

register control line 14, and processqr event lines

16, 18 and 20. The data bus 12 is connected to

three D type flip-flops 24, 26, and 28. The register

control line 14 is connected to the clocking input to

flip-flops 24, 26 and 28. The external events on

lines 16, 18 and 20 include a DMA request (DMA),

a non-maskable interrupt (NMI), and an interrupt

(INT) respectively. Lines 16, 18 and 20 are input to

an OR gate 22 whose output on line 38 is con-

nected to the set input on flip-flop 24. The outputs

of flip-flops 24, 26 and 28, on lines 32, 34, and 36
respectively, are provided to the clock control cir-

cuit 40 as shown. In operation, processor 1 0 pro-

vides the input values to the three flip-flops 24, 26

and 28 over data bus 12. The register control line

14 includes a clocking control signal such as an I/O

write signal that enables the D inputs to the flip-

flops 24, 26 and 28 to be loaded from data bus 12.

The OR gate 22 sets the output of flip-flop 24 to a

1 upon the occurrence of any of the external

events, i.e., a DMA request, a NMI or an INT

occurrence.

The frequency generator 50 consists of an

oscillator 52 providing an output on line 54 to a

divide-by three circuit 56. The divide-by three cir-

cuit 56 provides a frequency signal on line 46 to

both the clock control circuit 40 and to another

divide-by circuit 60. The divide-by circuit 60 pro-

vides- two signals on lines 42 and 44 respectively.

In the preferred embodiment, oscillator 52 pro-

duces a signal having a frequency of 14.318

megahertz. This signal is provided on line 54 to the

divide-by three circuit 56 which produces a 4.773

5 megahertz signal on line 46, with a 33% duty

cycle. The divide-by circuit 60 includes a divide-by

16 output and a divide-by 4 output that produced a

0.298 megahertz signal on line 42 and a 1.193

megahertz signal on line 44, respectively. The fre-

70 quency generator 50 further includes a line 48 that

is tied to ground for producing a 0 hertz signal.

In operation, the data on lines 32, 34, and 36

determines which of the clock signals on lines 42,

44, 46 and 48 will be provided on line 62 by the

75 clock control circuit.

In the preferred embodiment, the normal op-

erating clock frequency is 4.773 megahertz as pro-

vided on line 46. The lower frequencies on lines 42
and 44 are integer fractions of this normal operat-

20 ing frequency.

In operation, the processor 10 may designate a

lower clock speed by providing the appropriate

input via data bus 12 to the clock register 30. This

input when provided to the clock control circuit 40

25 will designate the lower frequency signal as the

clock signal on line 62. Upon the occurrence of any
one external event on lines 16, 18 or 20, the output

of clock register 30 will be changed such that the

clock control circuit 40 will provide the normal

30 frequency clock signal from line 46 on line 62.

Figure 2 is a schematic diagram of the clock

control circuit 40. Lines 32, 34, and 36 are input to

two NOR gates 64 and 66 which provide outputs

on lines 65 and 67 respectively to two latches 68
35 and 70. The input on line 32 from flip-flop 24 (see

Figure 1) is provided to both NOR gates 64 and 66

such that the occurrence of an external event i-e.,

a DMA request or the occurrence of an INT or a

NMI signal, will result in a "zero" input to both

40 latches 68 and 70 by lines 65 and 67 respectively.

Latches 68 and 70 provide outputs on lines 69 and

71 respectively to the flip-flops 74 and 76. The
output of the flip-flops 74 and 76, on lines 75 and

77 respectively, are provided to a multiplexer

45 switch 78. The multiplexer switch 78 is connected

to a four to one multiplexer 80 which connects line

62 to one of the four input lines 42, 44, 46 or 48 to

provide the clock signal at the appropriate fre-

quency. In other words, the two binary bits output

so from the the flip-flops 74 and 76 designate one of

the input lines 42, 44, 46 or 48 as the clock signal.

To ensure that the minimum clock high and

minimum clock low times are provided by the clock

signal output on line 62, additional circuitry is in-

55 eluded in the clock control circuit 40. This circuitry

includes NOR gate 72 and inverter 82 .connected

as shown. Specifically, line 44 is input to inverter

- 82 which provides an inverted signal on line 44' to

4
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latches 68 and 70. The signal on line 44' latches

the inputs on lines 65 and 67 to latches 68 and 70

respectively for the negative period of the 1.193

megahertz signal on line 44. This signal on line 44'

ensures that the output of latches 68 and 70 are

held constant on lines 69 and 71 for the appro-

priate time interval.

NOR gate 72 is connected to lines 42, 44, and

46 to provide an output on line 73 which is the

clocking signal input to the the flip-flops 74 and 76.

This circuit arrangement ensures that all frequency

input signals are in the same logical state before

the multiplexer 80 is allowed to change from one

frequency signal to another. Since line 48 is always

"low" there is no need to include it as an input to

NOR gate 72.

Figure 3 is a timing diagram illustrating the

4.773 megahertz signal on line 46, the 1.193

megahertz signal on line 44, the 0.298 megahertz

signal on line 42, the inverted 1.193 megahertz on

line 44', and the signal on line 73. As previously

discussed, the signal on line 44' ensures that the

contents of latches 68 and 70 are held constant for

the time period illustrated in Figure 3. During this

time period, two positive pulses 82 and 84 are

provided on line 73 which allow the signals on lines

69 and 71 to be clocked in as inputs to the flip-

flops 74 and 76 and thus allowing the outputs on

lines 75 and 77 respectively to change. Therefore,

the signal on line 44' allows the outputs of latches

68 and 70 to be held constant and stabilize before

they are clocked as inputs into latches 74 and 76.

In addition, the clocking signal on line 73 ensures

that the outputs of the flip-flops 74 and 76, the

multiplexer selector inputs, only change when all of

the signals on lines 42, 44, 46 and 48 are low. This

ensures that multiplexer switching glitches do not

propagate through to the clock signal line 62. Thus,

the signals on lines 44' and 73 ensure that glitches

do not occur on clock signal line 62 that would

result from transitions on lines 32, 34, and 36 or

upon transitions of signals on lines 42, 44, 46 or

48.

Claims

1. Clock circuit for clocking a data processor

(10) comprising means for producing a clock signal

at a first frequency for controlling the data proces-

sor during normal operation,

characterised in that the clock circuit further

comprises :

means for* producing the clock signal at a

second, lower frequency for controlling the data

processor outside normal operation, this lower fre-

quency being non-zero,

means for changing the clock signal from the

first frequency to the second, lower frequency in

response to a first indication from the data proces-

sor that normal operation is suspended and

means for further changing the clock signal to

5 the first frequency in response to a second indica-

tion that normal operation is resumed.

2. Clock circuit as claimed in claim 1 in which

said secondjower frequency is selected from a

plurality of frequencies and the first indication fur-

to ther defines the particular frequency to be se-

lected.

3. Clock circuit as claimed in claim 2 compris-

ing means for producing the clock signal at a third

frequency, selected from said plurality of frequen-

ts cies, and

means for changing the clock signal from the

second frequency to the third frequency in re-

sponse to a third indication, the third indication

further defining the particular frequency to be se-

20 lected.

4. Clock circuit as claimed in claim 2 or claim 3

in which the plurality of frequencies includes a

frequency of zero Hertz.

5. Clock circuit as claimed in claim 2, claim 3

25 or claim 4 including register means for storing part

of each indication, the part stored defining the

particular frequency to be selected.

6. Clock circuit as claimed in any preceding

claim arranged to receive such a second indication

30 from the data processor itself.

7. Clock circuit as claimed in any preceding

claim arranged to receive such a second indication

in response to an interrupt from external circuit

means.

35 8. Clock circuit as claimed in any preceding

claim in which said means for changing comprises

a switch (80) for switching the clock signal from a

signal at the first frequency to a signal at the

second, lower frequency and further comprises

40 means (68,70,72,74,76,82) for ensuring that,

when the clock signal is changed from the first

frequency to the second, lower frequency, all these

signals are in the same logical state.

9. Clock circuit as claimed in claim 8 including

45 means for generating an intermediate signal to

indicate that the signal at the first frequency and

the signal at the second frequency are in the same
logical state and

means for using this signal to control the time at

so which the switch (80) may be operated.

55
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